Highly proficient alaryngeal speakers are known to convey prosody successfully. The present study investigated whether alaryngeal speakers not selected on grounds of proficiency were able to convey pitch accent (a pitch accent is realized on the word that is in focus, cf. Bolinger, 1958) . The participating speakers (10 tracheoesophageal, 9 esophageal, and 10 laryngeal [control] speakers) produced sentences in which accent was cued by the preceding context. For each utterance, a group of listeners identified which word conveyed accent. All speakers were able to convey accent. Acoustic analyses showed that some alaryngeal speakers had little or no control over fundamental frequency. Contrary to expectation, these speakers did not compensate by using nonmelodic cues, whereas speakers using F0 did use nonmelodic cues. Thus, temporal and intensity cues are concomitant with the use of F0; if F0 is affected, these nonmelodic cues will be as well. A pitch perception experiment confirmed that alaryngeal speakers who had no control over F0 and who did not use nonmelodic cues were nevertheless able to produce pitch movements. Speakers with no control over F0 apparently relied on an alternative pitch system to convey accents and other pitch movements.
S uprasegmental features such as timing, loudness, and pitch are generally referred to as "prosodic." A speaker uses prosody to focus a listener's attention on new or important information (Nooteboom & Terken, 1982) ; the essential word or phrase is presented as in focus. The perception of focus is triggered by a pitch accent (Bolinger, 1958; Van Donzel, 1999) . In Dutch, a pitch accent is realized through a prominence lending pitch movement-a pitch rise, fall, or combination of a rise and fall ('t Hart, Collier, & Cohen, 1990) . Accented words are generally louder and longer, but for Dutch, it has been firmly established that pitch movement is the most important cue to accent perception (Cohen & 't Hart, 1967; Sluijter, 1995; 't Hart & Cohen, 1973; Van Katwijk, 1974) .
Pitch is the perceptual correlate of F0, the fundamental or repetition frequency of a sound. A normal speaker voluntarily alters the tension of the laryngeal musculature to produce F0 changes typically associated with pitch accent. The question arises whether a speaker can produce pitch accent if the larynx has been removed.
Esophageal (Es) and tracheoesophageal (TE) voicing replaces normal, laryngeal voicing after laryngectomy (surgical removal of the larynx). In both TE and Es speech, a surgically altered pharyngo-esophageal segment (PES) forms the new voicing source. Es speakers transfer air captured in the oral cavity and pharynx into the esophagus, from which it is expelled, causing the PES to vibrate. TE speakers sustain voicing through pulmonary air that is shunted into the esophagus via a prosthesis inserted into a surgically constructed tracheoesophageal puncture.
Because the alaryngeal voicing source does not have the same fine-tuning capabilities as the larynx, one might expect prosody to be compromised in alaryngeal speech. This study examined the ways that alaryngeal speakers are hampered in the communication of prosody and how they compensate for this possible disadvantage. Several studies have investigated prosody in alaryngeal speakers. Weinberg (1982, 1983) looked at the perception of contrastive stress ("BEV loves Bob"; Bev loves BOB"), and intonational contrasts (statement; question). Gandour, Weinberg, and Garzione (1983) looked at perception of lexical stress ("OBject"; "obJECT"). These studies indicated that Es and TE speakers successfully conveyed prosodic intent. However, stimulus material was adapted to suit the capabilities of alaryngeal speakers, and only the speakers' best attempts were used in the actual experiments, making it difficult to evaluate the consistency with which speakers conveyed these effects. Furthermore, these studies concentrated on highly proficient speakers (fluent, highly intelligible, and without distracting extraneous noises). We reasoned that it might be better not to select alaryngeal speakers in terms of proficiency; the resulting group would then be more representative of the population as a whole (including both proficient and less proficient speakers), and this would give a more accurate picture of the prosodic capabilities of alaryngeal speakers. Thus, the first question in this study was:
Are alaryngeal speakers who have not been selected on the basis of proficiency able to convey accent?
Investigating production of intonational contrasts and contrastive stress, Gandour and Weinberg (1985) concluded that proficient Es and TE speakers manipulated the same acoustic properties as laryngeal speakers. Similar results were found for Es speakers producing syllabic stress: BLACKboard versus black BOARD (McHenry, Reich, & Minifie, 1982) . There was however, considerable variation among individual speakers, and Es speakers also lacked consistent volitional control over acoustical parameters (McHenry et al., 1982) . As these speakers were highly proficient, another question the present study asked is: Are alaryngeal speakers who have not been selected on the basis of their proficiency able to use cues similar to those of laryngeal speakers to convey accent?
Speech intelligibility of Es speakers is compromised when compared to TE speakers: plosives, fricatives, and liquid-glides were found to be significantly more intelligible in TE speech, probably due to the difference in driving source (Doyle, Danhauer, & Reed, 1988) . When segmental speech quality is impaired, listeners rely more heavily on accent to identify new information (Van Donselaar & Lentz, 1994) . The recognition of speech that is segmentally unclear is also improved by inserting pauses at appropriate positions in sentences (Nooteboom, Scharff, & Van Heuven, 1990) . Es speakers insert more pauses than TE speakers (Robbins, Fisher, Blom, & Singer, 1984) and might exploit these pauses as a strategic cue to mark accent. The third question looked at pauses in Es speakers: Do esophageal speakers use pauses as an alternative acoustic cue to signal accent? Gandour and Weinberg (1985) found that F0 could not be measured in one TE speaker and that one Es speaker did not vary F0 effectively. Aperiodicity and resulting absence of any harmonic structure in alaryngeal speakers was also mentioned by Van As, Hilgers, Koopmans-van Beinum, and Ackerstaff (1998) . Moon and Weinberg (1987) looked at the relationship between F0 variation and transsource airflows-although the participating TE speakers could adjust the voicing source to influence the rate of vibration, this active adjustment was not used consistently to vary F0. Thus, the consistency with which F0 was manipulated varied within a speaker, but the ability to manipulate F0 also varied between speakers. Some speakers in the present study most probably lack consistent control over F0. Because F0 movement is the most important cue to accent in Dutch, the fourth question this study looked at was: Do speakers with very little control over F0 have more difficulty in conveying accent than speakers with sufficient control over F0?
Individual proficient alaryngeal speakers manipulated acoustic cues differently (Gandour & Weinberg, 1985) . This could point to a trade-off effect, in that a speaker with limited control over F0 might rely more heavily on intensity or duration (Slavin & Ferrand, 1995) . Such effects might be more evident in fair or poor speakers than in proficient speakers (McHenry et al., 1982) . The fifth question therefore was: Is there a tradeoff effect between F0 and other acoustic cues in speakers with limited control over F0?
Method Speakers
Laryngeal (10), TE (10), and Es (9) speakers participated in this study. Table 1 gives general information on the speaker groups.
Speakers were matched for age (on average ±4 years difference was allowed), but no suitable laryngeal speaker was found to match the two oldest alaryngeal speakers. There were no selection criteria; thus, all speakers who were available at the time recordings took place were included in the study. All speakers were volunteers. MvR (a speech-language pathologist) informally rated speakers' overall proficiency as good, fair, or poor, depending on a speaker's general intelligibility, beauty/ clarity of voice, and pitch. This was a routine, clinical impression based on the author's extensive experience with alaryngeal speech. Although the TE speaker group contained more "good" speakers, both alaryngeal groups had similar numbers of "fair" and "poor" speakers. The laryngeal speakers were all native Dutch speakers with no language, speech, or voice problems (as judged by MvR). All alaryngeal speakers had received postoperative radiotherapy. All TE speakers used the Provox prosthesis (Hilgers & Schouwenburg, 1990) .
Stimulus Material
The material consisted of 10 different items. The second part of each item was taken from the Speech Reception Threshold sentences (Plomp & Mimpen, 1979) . The first part was a precursor phrase, providing a semantic context for the second (test) part. This ensured that the desired accent pattern was cued. Speakers read the entire sentence (the underlined test part plus the preceding context) and emphasized the word printed in capitals. Two examples are given below.
De schoen vloog niet over de schutting, de BAL vloog over de schutting. Each contrastive pair of test utterances produced by the speakers yielded two accented words (e.g., "SCHUTTING" and "BAL") plus their unaccented versions, resulting in an utterance with accent toward the beginning of the test sentence (early) and another utterance with accent toward its end (late). Thus, the utterance with early accent included the unaccented counterpart of the utterance with late accent, and vice versa.
Procedure
Audio recordings were made in a quiet environment, using a condenser microphone (Sennheiser electret model ME 40) at a mouth-to-microphone distance of about 30 cm. The speech signals were recorded on a portable DAT recorder (AIWA HHB 1PRO, sample frequency 48 kHz).
Speakers read all 10 utterances twice, in random order. Five utterances were added at the beginning and the end of the list and were used as training items in the perceptual experiment. Each speaker read 50 utterances: 10 utterances × 2 accent positions × 2 repetitions + 10 additional utterances. From the two realizations of an utterance, the one with the fewest mistakes (repetitions, substitutions, or omissions of words) was chosen for evaluation. The test utterances were downsampled to 22.05 kHz, yielding 580 utterances (29 speakers × 10 sentences × 2 accent positions). On average, 20 minutes was needed to complete the task. Some speakers read all sentences without pausing, whereas other speakers paused more than once and found the task quite tiring.
Experiment 1: Accent Perception Experiment
The first question posed was, "Are alaryngeal speakers who have not been selected on the basis of proficiency able to convey accent?" A perceptual experiment was used to establish how well listeners could identify accent in alaryngeal speech.
Method Stimulus Material
Each stimulus used in the accent perception experiment consisted of a combination of a recorded utterance (the sound part of the stimulus) and two corresponding questions (the text part). The entire stimulus list comprised 580 items. Good: n = 2; Fair: n = 3; Poor: n = 4 9 (7/2)
Listeners
Twenty-two native speakers of Dutch between the ages of 19 and 30 participated as listeners. All reported having normal hearing. Listeners were not informed about the purpose of the experiment. During everyday communication, alaryngeal speakers are confronted with listeners who have not been exposed to alaryngeal speech. Thus, to eliminate any effect of experience, participating listeners were unfamiliar with alaryngeal speech and inexperienced in speech evaluation. The listeners were paid for their participation.
Procedure
Listeners were seated in a sound-treated booth, listened to each utterance (presented over headphones), and matched the utterance with one of two questions. The questions were represented as buttons on the computer screen in front of them. Depending on where in the utterance the listener perceived the accent, the corresponding question was selected by clicking the appropriate button. For example, if in the test utterance "de bal vloog over de schutting" (the ball flew over the fence) accent was perceived on "bal," Question 1 was selected; if an accent was perceived on "schutting," Question 2 would be selected: Listeners were instructed to guess when uncertain. Each utterance was presented once to each listener, giving a total of 22 judgments per utterance. After a response, the next stimulus was presented. There was a delay of 3 seconds between the appearance of the questions and the presentation of the test utterance over the headphones. All 580 stimuli were presented in random order. Table 2 gives, per speaker group, the average percentage of accents listeners perceived correctly (i.e., as intended by the speaker), as well as the ranges.
Results
The results were entered into univariate analyses of variance with the (arcsine transformed) percentage of correctly identified accents as the dependent variable. In the first analysis, speakers contributed within-cell variance; speaker groups (laryngeal, TE, Es), and accent position (early or late, nested under utterance pairs) were fixed factors; utterance pairs (1-10) was a random factor. In the second analysis, sentences caused withincell variance; speaker groups, and accent position were fixed factors; speakers (nested under group) was a random factor.
The following effects were significant.
Speaker group. In both analyses, speaker group was significant [F2(2, 18) = 90.37, p < .001; F1(2, 24) = 14.02, p < .001; min F'(2, 31) = 12.137, p < .001]. The only significant difference (relative to the percentage of correctly identified accents) was between the Es and the laryngeal group (Tukey's HSD, p < .005).]
Test sentence. In the first analysis, test sentence was significant [F(9, 18) = 6.79, p < .001]. Sentence 5 differed significantly from Sentences 1, 4, 6, and 7 (Tukey's HSD, p < .005). The reason for this is unclear, as Sentence 5 was not structurally different from other sentences.
Speakers within speaker group. In the second analysis, speakers within speaker group was significant [F2(24, 486) = 4.25, p < .001]. This is not surprising, as variation between alaryngeal speakers is known to exist.
Results concerning the effects of accent position were inconclusive; they were significant in the first ANOVA, but not in the second.
From this experiment, one can conclude that alaryngeal speakers, without prior selection based on proficiency, are able to convey accent. The lowest score was 72%, which is still above chance. Gender and age did not affect ability-older or female speakers did not perform differently from other speakers.
The (lack of) difference between the speakers' means results in a substantial overlap among the groups, which is illustrated in Figure 1 . Figure 1 shows that the laryngeal speakers are grouped closely together, whereas the TE group has the largest range (compare ranges given in Table 2 ). This is 
Speaker group Average percentage (SD) N Range
Laryngeal (n = 10) 95% (21%) 4400 91%-99% Tracheoesophageal (n = 10) 91% (29%) 4400 72%-98% Esophageal (n = 9) 82% (39%) 3960 74%-91%
Note. SD = standard deviation; N = total number of utterances multiplied by the number of judgments/listeners.
due to 1 speaker who achieved a much lower score than the other TE speakers. A number of this speaker's utterances had more than one accented word, which might have confused listeners. Compared to 6 TE speakers, only 2 Es speakers managed to achieve scores similar to the laryngeal speakers. The fact that some TE and Es speakers achieved scores comparable to laryngeal speakers indicates that listeners' ability to perceive accent is not necessarily affected by the physiological limitations of the speakers.
This either means that these alaryngeal speakers have sufficient control over their voicing source to effect the subtle changes necessary to signal pitch movements, or that alaryngeal speakers have become adept at using nonmelodic cues when conveying accent. Experiment 2 therefore investigates which cues alaryngeal speakers used.
Experiment 2: Acoustic Attributes of Accent
Acoustic analyses were done to find an answer to the second question, "Are alaryngeal speakers who have not been selected on the basis of their proficiency able to use cues similar to those of laryngeal speakers to convey accent?" All acoustic analyses were done with the "Praat" speech analysis program, version 3.7 (Boersma & Weenink, 1998) .
Method
The following acoustic aspects were compared for the accented and the unaccented versions.
F0 Movement
In Dutch, the most important cue for accent is a prominence-lending F0 movement in the accented syllable (Sluijter, 1995) . F0 was determined using subharmonic summation (Hermes, 1988) . The original F0 contours were replaced by artificial ones, using the PSOLA analysis-by-synthesis technique (Hamon, 1988) . These synthetic contours were close-copy stylized (de Pijper, 1983) . Close-copy stylization is a subjective approximation of the natural course of pitch, meeting two criteria: (1) the copy is perceptually indistinguishable from the original (this is judged by the experimenter through analytical listening; this method has been validated in listening experiments by De Pijper, 1983; 't Hart and Cohen, 1973; and 't Hart, Cohen, and Collier, 1990) and (2) the copy contains the smallest number of straightline segments (in the time -log F0 domain) with which this perceptual equality can be perceived. Thus, the close-copy only contains F0 fluctuations that are relevant for the perception of intonation and excludes minor local fluctuations that result from co-intrinsic properties of adjacent segments, which have been shown not to contribute to the perception of intonation (de Pijper, 1983) . Figure 2 gives an example of an F0 contour and its closecopy stylization.
The discontinuous line represents the original F0 contour and the continuous line the close-copy stylization. The close-copy stylization consists of manually inserted pivot points and connecting lines. As mentioned above, local, nonintonational F0 fluctuations are present in the original contour but absent in the close copy. Using the stylized contours, the excursions between the F0 peak (F0-maximum in Hz) within the (un)accented syllable and the previous or following pivot point (F0-minimum in Hz) were measured manually. The distance in hertz between these two points was then converted to semitones.
Peak Intensity
Overall intensity is higher in accented syllables than in unaccented ones (Sluijter 1995). Root-mean-square intensity levels were calculated (in dB) over a pitchsynchronous time window of 3.2 pitch periods (Boersma & Weenink, 1998) .
Spectral Tilt
Increased speaking effort associated with accent translates into more energy in the middle and high frequencies (typically above 500 Hz) as well as an upward shift of formant frequencies. Both factors lead to a reduced spectral tilt (Sluijter, 1995) . Thus, the intensity of two frequency bands, 25 to 500 Hz and 500 Hz to 4000 Hz, were determined over the whole syllable.
Word Duration
In Dutch, accentuation increases the duration of the entire word (Eefting, 1991) . Durations of the complete (un)accented words were measured and compared. Word boundaries were determined on the basis of combined audiovisual (oscillographic and spectrographic) information, using the criteria described by Van Zanten, Damen, and Van Houten (1991) . Because the prerelease silence of a voiceless plosive was also part of the pre-accent pause, all words starting with a plosive were measured from the moment of the release. All Es speakers directly injected air into the esophagus except one, who inhaled the air. The injection technique is described as an uninterrupted movement, merging the injection with the initial phoneme of the following word (Damsté, 1958) . In this study, the speakers' injections were auditorily and visually separate, independent entities (inspection of oscillogram and spectrogram revealed easily identifiable, short, vowel-like bursts of energy). Word durations were measured by including the injection. Excluding the injection would have meant that silent pauses consisted of silence plus the injection sound.
Pauses
The durations of silent intervals (absence of amplitude in the oscillogram) between words preceding or following the accented and unaccented words were measured. However, if a word started with a plosive, the pause consisted of everything up to but not including the release of the plosive (see word duration). As the silent interval before a voiceless plosive can approximate 100 ms (Slis & Cohen, 1969) , pauses were defined as silences exceeding 100 ms.
Results

F0 Movement
In some alaryngeal speakers, F0 could not be measured consistently. This failure could be a result of aperiodic excitations (complete absence of harmonic structure) or of the inability of the F0 detection algorithm to detect periodicity in speech signals with relatively weak periodicity. Oscillograms and spectrograms of the utterances in question were visually examined. Glottal pulses were marked manually. In many instances, there was a striking lack of periodicity (gross irregularities in period duration, but also in peak amplitude), even within vowels. The corresponding spectrograms either revealed an absence of any harmonics or only one or two shortterm detectable harmonics. Figure 3 shows that, although the utterance spoken by a laryngeal speaker has clear periodicity (repetition of same wave), no such regularity can be seen in the same utterance spoken by a TE speaker.
The narrowband spectrograms reveal clear harmonic structure in the laryngeal utterance and the absence of harmonics in the TE utterance. If an utterance contains F0, it is possible to obtain the whole F0 contour (pattern of rises, falls, and level stretches) by asking listeners to match successive 30-ms portions of the utterance (Cohen & 't Hart, 1967) . In the present study a number of unharmonic utterances were divided into successive 30-ms portions. Two listeners listened to each portion and indicated whether it was higher, lower, or equal to the previous portion. This did not result in contours, but in a random collection of unrelated "movements." However, when presented with the whole utterance, different listeners' imitations of these utterances resulted in recognizable contours (see Experiment 3, which is described separately after the acoustic results). This is in contrast to the results for speech containing F0 in which whole and portioned utterances yield the same contours.
In this study, speakers could be divided into a group with consistently measurable F0 movements (F0 users) and a group without F0 (F0 non-users), demonstrating the variability that marks alaryngeal speakers as a group. In the non-F0-user group, some speakers had intermittent, short-term, measurable F0 (first harmonic), whereas harmonics were completely absent in other speakers. This lack of consistency prevented meaningful assessment of F0. It is also questionable whether an inconsistent F0 is a reliable cue to convey accent. F0 could be measured in all laryngeal speakers. Five of the 10 TE speakers and 3 out of 9 Es speakers had consistently measurable F0. Figure 4 gives results for all F0 users. The percentage achieved by each speaker in Experiment 1 is set against the so-called "accent magnitude" (the difference, in semitones, calculated between each accented version and its unaccented counterpart, per speaker; these differences were then totaled and the average over the 10 pairs of test sentences was calculated). Fisher's sign test revealed that all speakers with consistently measurable F0 also used F0 movement consistently.
One TE speaker had exceptionally large accent magnitudes (15 semitones). This speaker had a low average Figure 4 was an Es speaker. This speaker used F0 movement consistently, but with an average accent magnitude of 3 semitones. Differences of less than three semitones are unlikely to play a communicative role in speech ('t Hart, 1981) . Accent magnitudes were also calculated for intensity, word duration, spectral tilt, and pauses. For peak intensity and spectral tilt the accent magnitude consisted of the difference in decibels, which was calculated for each accented version and its unaccented counterpart. Similarly, the accent magnitude for word duration was the difference measured in milliseconds.
Peak Intensity and Spectral Tilt
Fisher's sign test revealed that all speakers used intensity consistently, although the average accent magnitude was smaller in Es speakers, who rely on a limited air supply (in comparison to laryngeal and TE speakers). Six laryngeal speakers used spectral tilt consistently, as opposed to one Es speaker. Two TE speakers manipulated spectral tilt in the opposite direction to what had been expected-spectral tilts were steeper in accented words than in unaccented words. Interpretation of these results is difficult; perhaps the use of two broad frequency bands was not sensitive enough to accurately evaluate spectral changes associated with accent.
Word Duration
For word duration accent magnitude to count, a JND in word duration of 10% was adhered to (Klatt, 1976 ). Fisher's sign test revealed that approximately half of the speakers used this parameter to signal accent.
In answer to the second question asked above, less than half of the alaryngeal speakers used F0 effectively, whereas all laryngeal speakers used F0. Alaryngeal speakers did use peak intensity, but only some alaryngeal speakers used duration consistently.
Pauses
The third question was, "Do esophageal speakers use pauses as an alternative cue to signal accent?"
No laryngeal speakers used pauses. Only one TE speaker used pauses consistently to mark accent. The pause strategy in the Es speakers is of considerable interest, although not what was expected. Table 3 gives the results.
As occurrences and values for pre-and post-word pauses were similar, results for pre-and post-word pauses were combined in Table 3 . Generally, the average duration of pauses is longer in the accented condition than in the unaccented condition (except for speakers Es6 and Es8). All speakers also paused more often in the accented condition than in the unaccented condition. This would indicate that Es speakers distinguish between "accent" pauses and "nonaccent" pauses. However, the information given in the last two columns alters this picture-all Es speakers (except speaker Es8) used pauses with the unaccented version as often as they did with the accented words. Furthermore, as shown in the last column, most Es speakers displayed longer pauses in the unaccented version on more than one occasion. Therefore, Es speakers did not use pauses consistently or effectively to signal accent. Even if the average duration of pauses in the accented condition is longer, the variation within speakers makes it questionable whether listeners distinguish between "accent" pauses and "nonaccent" pauses.
Although it is clear from this section that speakers generally use more than one cue to convey accent, it has not yet been determined whether F0 non-users convey accent less successfully and whether they rely more heavily on nonmelodic cues. These issues will be dealt with in the next section. Average "accent magnitude" in semitones
Trade-Off Between F0 and Other Cues
Because prominence-lending F0 movement is the most important acoustic cue for perceiving accent, the fourth question was, "Do speakers with very little control over F0 have more difficulty in conveying accent than speakers with sufficient control over F0?" A Mann-Whitney U test showed that there was no significant difference between alaryngeal speakers with F0 and alaryngeal speakers without F0 (p = .054). The group without F0 was able to convey accent as successfully as speakers with F0 movement. This could mean that F0 non-users compensate by using nonmelodic cues associated with accent (using intensity or duration instead of F0). The fifth question was, "Is there a trade-off between F0 and other acoustic cues in speakers with limited control over F0?" (cf. Slavin & Ferrand, 1995) .
Apart from F0, four nonmelodic cues were measured (see Method section). Figure 5 compares how many cues are used by F0 users and by F0 non-users. The number of cues given (x-axis) does not include F0.
It is clear from Figure 5 that F0 users exploited nonmelodic cues more than F0 non-users. F0 non-users did not rely more heavily on alternative cues to signal accent. Approximately half of this group only used one cue, whereas more than half of the F0 users also relied on three other cues. Thus, there seems to be no tradeoff effect in speakers who have little control over F0. However, listeners perceived the accents that these speakers conveyed, even though corresponding changes could not be measured in the speech signal. This illustrates the limitations of the acoustic analyses when compared to Es3  173  110  6  2  8  1  90  Es6  189  195  3  3  6  5  87  Es5  237  210  9  1  12  3  83  Es7  202  161  5  1  11  3  82  Es8  204  220  13  2  0  0  79  Es1  150  101  9  2  1  0 
Total number of pauses possible = 31. b Number of times that pauses were found in the accented version as well as the unaccented counterpart. c Number of times that pauses in the accented version are smaller than in the unaccented counterpart.
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human perception. Also, apart from the acoustic cues investigated in the previous section, speakers might manipulate other attributes so that pitch accent is perceived. Experiment 3 looks more closely at the perception of this "alternative" (non-F0) pitch.
Experiment 3: Perception of Alternative Pitch
To determine whether listeners could perceive pitch movements in utterances not containing harmonic structure, this third experiment was carried out. 
Method Stimulus Material
The stimulus material consisted of a random selection of unharmonic utterances (see explanation following Figure 3 ). In total, 40 utterances spoken by 4 different male TE speakers were used. Early-and late-accent positions were equally represented.
Listeners
Three experienced phoneticians participated in this listening experiment.
Procedure
Listeners were seated in a sound-treated booth, wearing headphones. They listened to each test utterance and concentrated on the intonation pattern of each utterance. The utterances were also available in writing, so that listeners could read the sentences intended by the speakers. Accented words were not marked in the written version. After listening (repeatedly) to an utterance, listeners imitated the utterance. These imitations were recorded and stored on disc. The imitations were used to obtain the perceived intonation contour.
Analysis
For each of the imitated utterances (produced by the listeners), the F0 contour was processed as in Experiment 2. For each listener, the words and phrases on which pitch movements had been perceived were listed, as well as the type of movement (rise, fall, or both). Using this information, a comparison was made between the three listeners to see if pitch movements were perceived on the same words and if all three listeners perceived the same pitch movement on the same word.
Results
First the cued accented words (those words in which the desired accent pattern had been cued as described in the Method section and in which listeners [Experiment 1] had perceived accent) were examined. With 40 utterances, there were also 40 accented words (one for every utterance). In 26 of these (65%), the three listeners perceived the same movement and in 13 (32%), two of the three listeners perceived the same movement, whereas one listener perceived a different movement (e.g., two perceived a rise and one perceived a fall). Thus, in 39 (97%) of accented words, three listeners perceived movement, although it was not always the same movement.
There were 197 words, not counting the cued accented words (see explanation above). In 49 (25%) of these words, all three listeners perceived the same pitch movement. In 26 words, two listeners heard the same pitch movement, whereas one listener heard a different movement. Thus, in 38% of the words not cued to carry accent, three listeners perceived pitch movement. This excludes declination, which was perceived in many, but not all, utterances (as declination was not produced in some instances, this indicates that listeners did not automatically use declination, but imitated what they perceived). Although 38% seems very low, it should be remembered that the sentences consisted on average of six words. As the main accent was cued in every sentence, one would not expect any other significant pitch movements (clear rises and/or falls). The fact that listeners perceived pitch movement in 75 words that were not cued to receive accent indicates that these words possess (as yet unknown) acoustic information, which is perceived as pitch movement. The second part of Figure 3 gives an example of a word (spoken by an alaryngeal speaker) in which the three listeners all heard the same movement, a rise plus a fall, even though there was no harmonic structure (see also explanation following Figure 3 ).
The notion of perceived pitch movement in the face of unmeasurable F0 is not new. Gandour and Weinberg (1985) found that two TE speakers produced "largely aperiodic excitations" (unmeasurable F0), even though these speakers were able to signal intonation successfully. They concluded, "Perceived judgments of pitch attributes of alaryngeal voices may not be related in a oneto-one fashion with F0" (p. 89). It would seem that in some of the alaryngeal speakers participating in the present study, pitch movements are produced, not through F0 movement, but through an alternative pitch system.
General Discussion
Similar to Gandour and Weinberg (1982) , this study looked at how well alaryngeal speakers convey accent. Both English and Dutch are stress-accent languages, stress is a structural, linguistic property that specifies which syllable in a word is strong, and accent is used to focus important information. Also, American English and Dutch do not differ greatly in terms of acoustic cues used to signal accent (Sluijter, 1995) . In this sense the present study is comparable to the work done by Gandour and Weinberg. There were, however, a number of differences. Gandour and Weinberg used short, all-voiced phrases that only included monosyllabic words. In the present study, length of sentences and accented words varied. Unlike the present study, Gandour and Weinberg used the speakers' best attempts, and all their speakers were judged to be highly proficient. Of all their speakers, 3 out of 4 Es speakers and 3 out of 4 TE speakers achieved 93% or higher. In the present study, 5 out of 10 TE speakers and none of the Es speakers achieved such high percentages. Thus, in the present study there was more variation between speakers, but it could still be concluded that all the speakers in the present study conveyed accent successfully.
Es speakers have been found to use the same cues as laryngeal speakers to convey syllabic contrasts, but the Es group did not manipulate these cues as consistently as laryngeal speakers (McHenry et al., 1982) . Individual speakers also differed in how they used each acoustic cue (Gandour & Weinberg, 1985) . Alaryngeal speakers participating in the present study only used peak intensity consistently. Peak intensity is, however, very susceptible to environmental background noise, and the chance that it has any communicative significance is small. Less than half of the alaryngeal speakers used F0 consistently, and few speakers used any of the other cues consistently. Apart from the cues usually associated with accent, the present study also investigated pausing, especially in esophageal speakers. The way pauses were distributed over accented and unaccented words suggests that pausing in Es speakers is determined more by a physiological need to replenish the limited air supply available for speech production than by linguistic needs. As a result, the rhythmical pattern of Es speech is most probably compromised. If the rhythm of speech is unnatural, listeners will have difficulty using durational information as a cue to accent. This might explain why the majority of Es speakers performed worse in the perceptual experiment than the TE speakers.
The inconsistency with which alaryngeal speakers manipulated F0 further highlights interspeaker variability. F0 was measured consistently in only 5 of 10 TE speakers and 3 of 9 Es speakers. In the other speakers, F0 was either absent or its presence so erratic that it could not be measured. Speakers with less control over F0 were expected to have more difficulty in conveying accent, but there was no significant difference between F0 users and F0 non-users. However, if individual speakers are ranked according to the percentages achieved in the perception experiment, 6 of 8 F0 users achieved higher percentages than the F0 non-users. This substantiates the importance of F0 as a cue to perceive accent. All of the F0 users were rated as good speakers in terms of proficiency, except 1 Es speaker who also received a lower percentage in the perception experiment. One Es speaker who was judged to be a good speaker achieved a lower percentage than some fair or poor speakers. Some poor speakers also achieved higher percentages than a number of fairly proficient speakers. The term "proficiency" as used in this study was comparable to "proficiency" as used by Gandour and Weinberg. Two of the speakers in the Gandour and Weinberg study (1982) achieved much lower percentages than the other speakers (74% versus 93% or higher), although these speakers were judged to be highly proficient. Thus, "proficiency" as it is generally defined does not necessarily predict prosodic ability. Speakers with little control over F0 did not rely more heavily on nonmelodic cues to convey accent. This is in contrast with the idea of cue trading described by Slavin and Ferrand (1995) . A possible explanation might be that acoustic cues such as intensity and duration are strongly associated with F0. In a prosodic function such as accent, they do not exist independently or separately from F0, but are concomitant. Also, physiologically, the more control one has over the voicing source, the more one is probably able to manipulate other acoustic cues. Es and TE speakers rely on the PES as a voicing source (cf. Diedrich, 1968; Moon & Weinberg, 1987) . Voice quality differences can be explained by the physiological characteristics of the PES (Dworkin et al., 1998) . As the anatomical and morphological characteristics are quite variable (Van As, 2001) , it is not surprising that interspeaker variability is the defining characteristic of TE and Es voicing.
The second and third experiment showed that some speakers might manipulate acoustic properties other than the ones investigated to convey pitch. Sisty and Weinberg (1972) , studying formant frequencies in Es speakers, observed that in addition to "appropriate" formant frequencies, unexpected concentrations of energy were found in 12% (20 out of 190) of vowel spectra examined. These energy concentrations were "formant like" in appearance, in frequency regions where formants are not expected, and present throughout the major portion of the vowel. These extra resonances were seen in 10 of the 27 participating Es speakers. Coleman (1971) demonstrated that the location of vocal tract resonances in the frequency spectra also plays a role in the perception of vocal pitch. Research on whispered speech has shown that there is a relation between perceived pitch and respective formants (Higashikawa, Nakai, Sakakura, & Takahashi, 1996) . Giet (1956) claimed that pitch movements can be heard in whispered utterances such as "Nein." versus "Nein?" Meyer-Eppler (1957) investigated acoustic features in whispered German speech and concluded that two substitutes exist for periodic pitch movement; in some vowels, gaps in the higher frequencies are filled with noisy components and in other vowels, formants shift upwards. Thus, in laryngeal speakers, pitch movements can be produced independently of F0. Some alaryngeal speakers possibly manipulate spectral properties in a similar fashion to convey pitch.
From this study, it would seem that speakers who cannot use F0 and do not use nonmelodic cues to compensate rely on an alternative pitch system. At present, new recordings are under way to investigate whether these speakers can produce intonation patterns on command and if listeners can perceive the intonation patterns. Furthermore, this new material will be investigated to determine the acoustic properties of alternative pitch. 
